The first * to draw especial attention to branching and budding forms of the tubercle bacillus were Nocard and Roux (1) in 1887. In the following year Metchnikoff (2) described and figured long, threadlike, branching forms with bulbous ends, observed in old glycerineagar cultfires cultivated at 43.6o-44 ° C. It is probable that these were cultures from avian tuberculosis. )/[etchnikoff suggested the name Sclerothrix kochii for the tubercle bacillus. In 1889 Klein (3) described and photographed filamentous, club-shaped and branching tubercle bacilli in old cultures, and S. G. Dixon (4) reported making in Klein's laboratory observation of these forms. In 1892 A. Maffucci (5) described and depicted similar forms of the bacillus of fowl tuberculosis, which he considered to be thereby distinguished from the bacillus of mammalian tuberculosis. Especial attention was directed to pleomorphism and variability of the tubercle bacillus by the monograph of Fischel (6) published in 1893, in which he described in detail thread-like, branching and club-shaped forms both of mammalian and of avian tubercle bacilli, and emphasized the analogies between this organism and the ray-fungus of actinomycosis. Among the most valuable contributions to this subject are those of Coppen Jones (7), dating from 1893. In glycerine-agar cultures three to four months old he finds constantly filamentous, branching forms of the tubercle bacilhls, and directs especial attention to the * Cornil and Babes noted and p i c t u r e d ramification and swelling of t h e tubercle bacillus in the first and second editions of t h e i r " B a e t~r i e s " in 1883 and 1886. A c c o r d i n g to Coppen Jones, A. P e t r o n e in 1884 observed in the m e n i n g e a l exudate several f o r m s of t h e t u b e r c l e bacillus described in 1895 by t h e former, and e x p r e s s e d t h e opinion t h a t it belongs to a g r o u p s i t u a t e d b e t w e e n the " m i c r o m y c e t e s and the sehizomyeetes." 25
regular arrangement of the rods and threads in cultures whereby marked resemblance to actinomyces colonies is produced~ a resemblance still further increased by the presence of bulbous swellings on the free projecting ends of the tubercle bacilli. He concludes that tl~e tubercle bacillus is to be placed in the same class of organisms as the ray-fungus and cannot properly be regarded as belonging to the sehizomycetes. Since the publications of Fischel and of Coppen Jones a number of confirmatory observations, although with much difference of opinion as to their interpretation, have been published, among which may be especially mentioned the investigations of Bruns (8) , Babes (9) , 5IcWeeney (10), Semmer (11) , ~[arpmaim (12) , Johan-Olsen (17), Babes and Levaditi (13) , and Friedrieh (14). Babes and Levaditi, and Friedrich have succeeded in demonstrating in tubercles produced by intraeranial and intravascular injection of tubercle bacilli typical ray-like colonies of the bacilli very closely resembling those of actinomyces.
Branching, filamentous and bulbous forms of tubercle bacilli have been observed most commonly in old cultures, although they have been seen by Fische], Coppen Jones and others in material from tuberculous cavities and in sputum. Recent observations, as already mentioned, show that under certain special conditions they may occur also in the tissues. In view of the interest of the subject and the relatively small number of reports of finding branched forms in the sputmn, it has seemed to me desirable to record my observation of such forms in this situation.
The sputum was from a young woman suffering from rapidly advancing pulmonary phthisis. The expectoration was abundant and of offensive odor~ containing, besides numerous bacilli, large quantities of elastic tissue.
The stained specimens were prepared as follows: A minute portion of the sputum was spread upon a cover-glass and another glass drawn gently over the first; the two specimens thus obtained were allowed to dry, passed rapidly three times through the alcohol flame, and then stained several hours, generally twenty-four, with the following solution: Dissolve the fuchsin in the alcohol and add 100 parts of a 5 per cent aqueous solution of carbolic acid. When rapid staining was desired a portion of the staining solutionwas poured into a watch-glass, the specimens to be stained being placed face downward upon it; the watch-glass was then gently heated until steam was given off freely, then placed aside and the specimens allowed to stain for about ten minutes longer. After staining, the preparations were washed in distilled water and decolorized with a 20 per cent nitric acid solution in alcohol; they were then washed in alcohol, dried and mounted in balsam or examined directly. Specimens stained by either of these methods gave excellent results, the tubercle bacilli being colored a very dark red, all else being decolorized.
In In very many of the preparations there may be seen bacilli like those shown in Plate XXVIII, Fig. 1 , and which are evidently false branching forms. On casual examination the resemblance which these bacilli (for they are multiple) bear to the true branching form is very striking, and it needs very careful focussing and good illumination, in many instances, to distinguish the difference. This appearance is due not to a single bacillus sending of[ branches, but to two or more bacilli lying very closely' together and in such a position as to give the impression of true branching. Careful examination will, however, in almost every instance disclose a slight, unstained interval at the point where the suspected branching takes place. Such a minute examination should be made of every bacillus which appears to branch. Where no unstained interval can be detected by reason of one end of the bacillus overlapping another, careful focussing will show a difference in the level of the bacilli where they overlap, and also a deeper staining at that point, whereas in the true branching form no such difference in level or staining can be detected. Another distinction exists in the fact that in the false-branching type the bacilli forming the supposed branches are of the same length as the parent germ, whereas in the branching form the branches may be much longer or shorter than are the bacilli from which they spring.
Of the true branching bacilli several forms may be observed, which are doubtless simply stages in the growth of the organism. In certain fields there axe seen bacilli which show at one or more points small knob-like projections, which cause a marked bulging in the outline of the organism. This form is illustrated in Plate XXVIII, Fig. 2 , and evidently indicates the very first stage of branching, i. e. budding. These budding forms were not numerous in the preparations examined, but occurred in small numbers in the majority of the microscopic fields. They need sharp focussing and a good light to be distinguished, as in some of them the bulging is very slight and only such careful examination will demonstrate them. The bulging or knob is generally situated laterally, but may be central. The bud, as it may be called, stains like the rest of the bacillus, and sometimes a very small, oval, unstained speck may be seen within it which resembles the unstained portions in the bacillus. Generally, however, no such appearance is present, the bud staining uniformly throughout. Is this unstained oval speck a spore? I believe not, any more than are the similar unstained spots which occur in" tubercle bacilli in general and which are not regarded by the best observers as spores.
The budding form just described is of interest, as it is doubtless the first stage of branching, and I believe it is present more often than is generally known. I have examined a large number of specimens of phthisieal sputa since I first observed this form and have found it present in about 15 per cent of the cases, although in none was the branched form present, save in the one case described in this paper. This result may appear contradictory if we assume that the budding is the first stage of the branching form, but it is probable that some unknown factor has hindered the further development of the process of branching.
The next stage in the development of branching is shown in Plate XXVIII, Fig. 3 . All the preparations made from the sputa in this case show numerous examples of this form. Here the little knob-like outgrowths, or buds, have developed into short branches, which vary in number in different bacilli, some giving off only one branch, while others give off two or more. The branches, at this early stage, are generally shorter than the pa~'ent bacillus and stain, almost without exception, uniformly throughout; the parent bacillus, however, generally shows intervals which take the stain very faintly or not at all. The bacillus itself, regardless of the branches, is much longer than usual, and somewhat more curved; they stain more deeply than the normal bacilli and resist a stronger decolorizing solution.
In nearly all the preparations of this sputum, the next stage, the fully developed branching form, can be seen (Plate XXVIII, Fig. 4) . We have here simply a more advanced stage of the process, the short branches having developed into those which are as long as, or longer than, the parent bacillus. Of these fully developed branched forms there are present many varying examples; sometimes only one long branch is given of[, sometimes two or more, sometimes one or more long branches and several minute buds; occasionally bacilli are seen where the primary branch has given of[ one or more secondary branches.
At a in Fig. 4 may be seen a bacillus which presents a well developed branch and three bud formations; this clearly indicates that the "bun" is the preliminary stage of the branch. It will be noticed that whereas the "buds" have taken the stain very deeply, the fully developed branch is stained much more faintly.
At b, in the same figure, is illustrated a bacillus presenting two short branches and one bud formation. Some of the bacilli are very fantastic in appearance, being much curved and giving of[ one or more branches, also curved (d, Fig. 4) . Nearly all the bacilli present well marked stained and unstained areas, but it is noticeable that the branches present fewer of these, although some show unstained areas, irregular in outline. The bacilli are much longer than usual and many of the preparations show single filaments which are very long. In one preparation a peculiar appearance is noted (g, Fig. 4) , which seems to represent the union of two branched bacilli by an intervening branch. This probably is an exaggeration of sub-branching. Many of the bacilli show sub-branching, the original branch giving off one or more smaller branches.
It is possible, then, to trace in these preparations from sputa the process of branching as it occurs in the bacillus tuberculosis. The bacillus destined to present this change becon~es longer than usual and presents one or more knob-like outgrowths somewhere along its course; these outgrowths gradually lengthen and at last become true branches, which may, in turn, give of[ other branches.
We are not informed as to the special conditions which determine the development of branching forms of the tubercle bacillus. They have been most frequently observed under unfavorable conditions of environment, as in old cultures. In the present case it may be that similar factors are involved, as the rapid breaking down of tissue which characterized the process in the lungs may have exhausted the pabulum for the numerous bacilli present. Still the recent observations of Babes and Levaditi and of Friedrich show that similar forms may occur in fresh miliary tubercles. Various theories have been advanced as to the significance of the branching, filamentous and club-shaped forms of the tubercle bacillus.
Some have considered these to be simply degenerative or pathological forms of the bacillus and without significance as to the classification of the organism. This is the view advocated by A. Fischer (15) in his "Vorlesungen fiber Bakterien," who places these forms of the tubercle bacillus, as well as similar ones of the diphtheria bacillus, in the group of involution forms. There are several objections to this view, of which it will suffice to mention that the forms in question are not limited in their occurrence to old cultures and unfavorable conditions of environment.
The opinion more generally advocated is that the occurrence of these forms necessitates some change of formerly accepted views as to the classification of the micro-organisms concerned. Thus Klein suggests that the branching is a reversion to an ancestral type which presented mycelial growth.
Fischel pointed out the analogies between actinomyces and the tubercle bacillus, and Coppen Jones holds that both belong to the same group of organisms, but he leaves undecided whether this is among the hyphomycetes or some other class. He suggests that there may be some as yet unknown saprophytic mode of existence of this bacillus. He suggests the name Tuberculomyces (hominis, avium, etc.) for the bacillus.
Bruns regards the branching shapes as involution forms when observed under parasitic conditions. He says "they pertain to the saprophytic growth-form of a higher organism which, as a parasite in the animal body, appears in the form of rods." Marpmann, accepting the interpretation of Bruns, employs the designation Mycobacterium tuberculosis, a name adopted by Lehmann and Neumann in their " Grundriss der Bakteriologie." The sharper differentiation within recent years of the streptothrieese, cladothrieese and allied organisms has led several writers to express the opinion that the tubercle bacillus and the diphtheria bacillus are very closely allied to the strcptothrieese, and some hold that they should be transferred to this group. Xruse (16) , in the last edition of Fliigge's "Mikroorganismen," discusses this question and, although he does not venture to place the bacteria in question under the streptothriee~, he considers them to be very closely related to aetinomyces and other organisms belonging to this group. Johan-Olsen (17) places the tuberele bacillus under the streptothrice~e and accepts the name Tuberculomyees. The streptothrix group is characterized especially by branch-ing, filamentous forms of organisms, and is placed between the bacteria proper and the hyphomycetes, being more closely akin to the former than to the latter.
It is evident that further investigations are needed in order to enable us to come to any definite conclusion as to the significance of the branched forms considered in this paper, and for the present it would seem to be premature to adopt any radical change in the accepted classification of the tubercle bacillus and the diphtheria bacillus.
DESCRIPTION OF PLA_TE XXVIII. g. A peculiar formation probably due to the junction of two branched bacilli.
h. V-shaped form of the organism, showing two bud formations.
